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LGBTQ+STEM Day
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LGBTQ+STEM Day

Happy LGBTQ+STEM Day!
Today’s talk is a celebration of research

that I (GDM) mentored this summer: the hard work
was done by my students (S. Goldhaber-Gordon & L. Smith)

at the ICR in Santa Fe, July 2021
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What is a Gravitational Wave (GW)?

Transient Persistent

Modeled
Coalescence Continuous←

Unmodeled
Burst Stochastic

Credits: AEI, Penn State (C. Reed), NASA, LIGO (B. Berger) 4 / 13
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Forward

Inspiration:
simulated data
convolutional neural net
(CNN)
to help find
continuous-wave (CW)
[as-yet unseen]
gravitational waves (GWs)
believed to come from
neutron stars
in our galaxy

PAPERS

• Dreissgacker, Sharma, Messenger,
Zhao, Prix

Deep-learning continuous
gravitational waves,
Physical Review D, 100, 044009
(2019)

• Dreissigacker & Prix,
Deep-learning continuous
gravitational waves:
multiple detectors and
realistic noise,
Physical Review D, 102, 022005
(2020)
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Forward

6 / 13



LA-UR-21-xxxxx

Introduction

These papers are neat!
Potentially-robust and fast way
to handle what’s been
a Petascale computing challenge!

Puzzle: loss of sensitivity at high frequency
(possibly because of Doppler effects?)

Could CNNs help us finally see CWs?
Let’s find out!
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How does a Continuous Wave (CW) look?

Phase modulation in long-duration GWs (simplified illustration)
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Roemer/Doppler effect from orbit in time & Fourier domains
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Student work: simulating data

(UL) time-domain noise+signal, (UR) frequency-domain noise+signal
(LL) time-domain noise only, (LR) frequency-domain noise only
simulated increasing noise levels (lower SNR) 9 / 13
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Student work: neural net architecture

Six dense layers: ‘convolutional’ may be misnomer,
but it trains! Layers sized to match time-series duration.
Final output: detection or not?
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Student work: neural net training

Training on FFT data offloads heavy lifting.
Students shared their code w/ Github (none mine; based on MNIST tutorial)
no prior ML experience→ Jupyter notebooks written in 4 weeks
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Student work: training history in noisy data

Model trains on accuracy metric in few epochs, hours on laptop:
longer, more realistic data present way forward (papers used clusters)
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Conclusion

• CNNs potentially a way to find CW gravitational waves
• TensorFlow accessible to high-school students
• Lots left to do,

implementing realistic phase modulation,
explore loss of sensitivity at high-frequency,

• Proof-of-concept – ML on frequency (Fourier) domain
success!
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